ILLUSTRATIONS
Hydrologic data (Mundorff and others, 1964; Lindholm and others, 1988) indicate that ground water which passes un<jler the INEL follows a path that lies to the north of the A & B Irrigation District. However, the area has been the focus of media attention recently as residents question the number of cases of cancer in their community. In response to the local concerns, the U.S. Department of Energy's Idaho Operations Office requested the U.S.
Geological Survey to collect and analyse samples from several wells to document the types and concentrations of manmade pollutants and naturally occurring contaminants in ground water from the Snake River Plain aquifer.
In addition, samples of irrigation wastewiter were collected at selected irrigation drains. The constituents of most interest were tritium, gross alpha-particle radioactivity, gross beta-particle radioactivity, and gross gamma radioactivity. Because the area is geologically complex and is irrigated with ground water, samples were also collected and analyzed for naturally occurring radionuclides, such| as radium-226 and radon-222, and trace metals, purgeable organic compounds, nutrients, herbicides, and insecticides.
Water samples for most constituents were analyzed by the U.S. (Mundorff and others, 1964, p. 143) . The sedimentary deposits consist mainly of lenticular beds of sand, silt, and clay with lesser amounts of gravel. Locally, rhyolitic lava flows and tuffs are exposed at the land surface or occur at depth. The basaltic lava flows and intercalated sedimentary deposits combine to form the Snake River Plain aquifer, which is the main source of ground water on the plain (Pittman and others, 1988, p. 2) .
The Snake River Plain aquifer is recharged by the infiltration of precipitation and irrigation water, and by underflow from tributary valleys on the perimeter of the plain. Water recharged to the aquifer generally moves to the southwest along the axis of the plain and is discharged to springs along the Snake River (Mann, 1989, p. 4) .
In 1980, about 1.33 million acres of land were irrigated on the eastern Snake River Plain (Garabedian, 1986, p. 7) . About 8.3 million acre-ft of I water were diverted from the Snake River and its tributaries for irrigation.
From 1902 to 1980, springflow discharge to the Snake River increased from about 3.1 million acre ft/year to about 4.3 million acre-ft/year as a result of increased recharge to the Snake River Plain aquifer from the infiltration of irrigation water. i
The INEL includes about 890 mi 2 of the northeastern part of the eastern Snake River Plain. The general direction of ground-water movement in the Snake River Plain aquifer is southwestward from the INEL to the springs along the Snake River between Milner and King Hill (Mann, 1989, p. 2-3) .
The INEL is about 65 mi northeast of the study area, which is centered in the eastern part of the A & B Irrigation District ( fig. 1 ).
Aqueous chemical and radioactive wastes generated at the INEL were discharged to ponds and wells from 1952 to 1983. Since 1983, most of the aqueous wastes have been discharged to unlined infiltration ponds. Many of the constituents contained in the wastewater enter the aquifer indirectly following percolation through the unsaturated zone; prior to 1984, much of the waste was injected directly into the aquifer through a deep disposal well.
The chemical and radioactive wastes have migrated from less than 1 to about 9 mi southwest of the disposal areas at the INEL (Pittman and others, 1988 , 1985; Wershaw and others, 1987) . The methods used in the field and quality assurance practices are outlined in following sections.
Sample Containers and Preservatives
Sample containers and preservatives differ depending on the constituent^) for which analyses are requested. Samples analyzed by the NWQL are containerized and preserved in accordance with laboratory requirements specified by Feltz and others (1985) . Containers and preservatives were supplied by the NWQL and had undergone a rigorous quality control procedure (Pritt, 1989, p. 75) and 13-15). The irrigation wells were equipped with turbine pumps that discharged into stilling ponds and the domestic wells were equipped with submersible pumps.
Samples were collected from the midpoints of the channels at the three irrigation water drains, from the stilling ponds at the irrigation wells, and from spigots downstream from pressure tanks at the domestic wells.
Prior to sampling, the domestic wells were pumped long enough to ensure that the pressure tanks and plumbing systems had been thoroughly flushed. When flushing was complete, samples were collected by filling the sample Conditions at the sampling site during sample collection were recorded in a field logbook and a chain-of-custody record was used to track samples from the time of collection until delivery to the analyzing laboratory.
These records are available for inspection at the U.S. Geological Survey Project Office at the INEL. The results of field measurements for pH, specific conductance, and water temperature are listed in table 2.
Quality Assurance
A detailed description of internal quality control and of the overall quality assurance practices used by the U.S. Geological Survey's NWQL is provided in reports by Friedman and Erdmann (1982) and Jones (1987) . The water samples were collected in accordance with a draft quality assurance plan for quality of water activities conducted by personnel assigned to the 
RADIOACTIVITY OR RADIONUCLIDES
Water samples were analyzed for: tritium; gross alpha -part icle radioactivity; gross beta-particle radioactivity; total uranium; radium-226; radium-228; radon-222; strontium-90; and gross gamma radioactivity. The samples were analyzed using methods described by Thatcher and others (1977) and U.S. Environmental Protection Agency (1987a) . The maximum contaminant levels for the types of radioactivity and for selected radionuclides are on table 3. Table 3 .--Maximum contaminant levels for types of radioactivity or radionuclides for which water samples were analyzed
[The maximum contaminant levels were established pursuant to the recommendations of the U.S. Environmental Protection Agency (1987b, p. 532-533) for community water systems and are for comparison purposes only. The maximum contaminant level given for gross alpha-particle radioactivity includes radium-226 but excludes radon and uranium. The maximum contaminant level given for gross beta-particle radioactivity excludes radioactivity from natural sources and should be used only for comparison. Maximum contaminant level values listed for strontium-90 and tritium are average annual concentrations assumed to produce a total body or organ dose of 4 mrem/year (millirem per year) of beta-particle radiation; a maximum contaminant level has not been established for gross gamma radiation, radon-222, and total uranium. Abbreviations: pCi/L--picocuries per liter; pCi/mL--picocuries per milliliter. Symbols: --indicates that a maximum contaminant level has not been established for that radionuclide or type of radioactivity.]
Type of radioactivity or radionuclide__________Maximum contaminant level Gross alpha-particle radioactivity 15 pCi/L Gross beta-particle radioactivity 4 mrem/year
Gross gamma radioactivity Each laboratory analyzed the samples for tritium using the liquid scintillation technique. However, the analytical method detection limits differed from one laboratory to another, mainly because of differences in counting times in the liquid scintillation unit and background concentrations of tritium in the laboratory. The analytical method detection limit for the Idaho State University was 0.35 pCi/mL using a 200-minute count period; U.S. Department of Energy was 0.2 piCi/mL using a 100-minute count period; and U.S. Geological Survey was 0.026 pCi/mL using a 1,200-minute count period.
Tritium concentrations in water samples analyzed by the ISU laboratory and the RESL were less than the analytical method detection limit for the respective laboratories. However, 7 of the 15 water samples analyzed by the U.S. Geological Survey laboratory contained concentrations of tritium larger than the reporting level, ranging from 0.045±0.013 to 0.106±0.013 pCi/mL and averaging 0.073±0.013 pCi/mL. For the purpose of comparison, the maximum contaminant level for tritium in drinking water is 20 pCi/mL (table 3) . The maximum tritium concentration for the seven samples was about one-half of the smallest analytical method detection limit for the other laboratories.
Therefore, the analyses by the three different laboratories are consistent with one another, given the differences in the analytical method detection limit for each laboratory. Concentrations of tritium in the water are shown on table 4. The analytical uncertainties in table 4 are reported as Is.
Gross alpha-particle radioactivity.--Gross alpha-particle radioactivity is a measure of the total radioactivity given off as alpha particles during the radioactive decay process. For convenience, laboratories report the radioactivity as if it were all given off by one radionuclide. In this report, concentrations are reported two ways: as natural uranium in /xg/L, and as thorium-230 in pCi/L; however, only the latter can be directly compared to the maximum contaminant level listed in table 3. In addition, gross alpha-particle radioactivity was measured in both the dissolved and suspended fractions of the water samples. All the water samples contained concentrations of gross alpha-particle radioactivity in the dissolved fraction larger than the reporting level (table 5 Gross beta-particle radioactivity.--Gross beta-particle radioactivity is a measure of the total radioactivity given off as beta particles during the radioactive decay process. For convenience, laboratories report the radioactivity as if it were all given off by one radionuclide or a chemically similar pair of radionuclides in equilibrium. In this report, concentrations are reported two ways: as strontium-90 in equilibrium with yttrium-90 in pCi/L, and as cesium-137 in pCi/L; however, only the former can be directly compared to the maximum contaminant level for strontium-90 listed in table 3. In addition, gross beta-particle radioactivity was measured in both the dissolved and suspended fractions of the water samples.
All the water samples contained concentrations of gross beta-particle radioactivity in the dissolved fraction larger than the reporting level Total uranium.--Uranium is a widely distributed element that has three naturally occurring radioactive isotopes: i uranium-238 , uranium-235, and uranium-234. These isotopes undergo a complex series of radioactive decay that results in their ultimate conversion to stable isotopes of lead (Haglund, 1972, p. 1,215-1,222) . Total uranium concentrations larger than the reporting levels (table 7) were detected in all water samples. The dissolved total uranium concentrations ranged from 1.3810.16 to 5.2211.02
A*g/L. A maximum contaminant level has not been established for individual isotopes of uranium or for total uranium. Radium. --Radium-228 and radium-224 are naturally occurring radioactive decay products of thorium-232. Radium-226 is a naturally occurring decay product of uranium-238.
Water from C Main Drain site I contained 2.55±1.15 pCi/L of dissolved radium-228 (table 7) .
Water from E Main Drain--site 3--contained 0.828±0.439 pCi/L of suspended radium-224 (table   7) . All other water samples had concentrations less than the reporting levels for radium-228 and radium-224. All water samples collected contained concentrations of dissolved radium-226 larger than the reporting levels (table 7) . The radium-226 concentrations ranged from 0.010210.0064 to 0.149±0.024 pCi/L. The sum of radium-226 plus radium-228 concentrations in all the water samples was less than the maximum contaminant level of 5 pCi/L (table 3) .
Radon-222. --Radon-222 is a radioactive gas that is a naturally occurring decay product of radium-226. Water from sites 4, 5, and 7 contained 46±30, 114±25, and 42±25 pCi/L of radon-222, respectively. All other water samples collected contained concentrations of radon-222 that were less than the reporting level (table 8) .
Strontium-90. --Strontium-90 was widely distributed in the environment during atmospheric nuclear-weapons testing. Eight water samples (sites 1-3, 6, 9, 11, 12, and 14) contained dissolved strontium-90 concentrations greater than the reporting level (table 8) .
The concentrations of all samples ranged from less than the reporting level to 0.483±0.071 pCi/L. All concentrations measured in water samples were less than the maximum contaminant level of 8 pCi/L (table 3) .
Lead-212, potassium-40. cesium-137. cobalt-60. and thorium-234.--Gamma spectrometry involves using a series of detectors to simultaneously determine the concentrations of a variety olf radionuclides by the detection of characteristic gamma-emission. Six radionuclides were detected in the suspended fraction of water samples by gamma spectrometry (tables 7-9) and are reported in units of pCi/L. Radium-224 was discussed in this report along with the other radium isotopes. Drain that contained the concentration of lead-212 larger than the reporting level (0.714±0.379 pCi/L) also contained the concentration of radium-224 larger than the reporting level (0.828±0.439 pCi/L).
Potassium makes up approximately 2.6 percent of the Earth's continental crust and about 0.0119 percent of all potassium is the radioactive isotope potassium-40 (Kretz, 1972, p. 971) . Potassium-40 was detected in eight water samples (table 9) ; however, all eight concentrations were less than the reporting levels.
Cesium-137 was detected in two water samples and cobalt-60 and thorium-234 were each detected in one sample. All four concentrations were less than the respective reporting levels (table 9) .
TRACE METALS
Water samples were collected and analyzed for eight dissolved trace metals --arsenic, barium, cadmium, chromium, lead, mercury, selenium, and silver. The maximum contaminant level and Reporting level for each of the eight trace metals are shown on table 10< The concentrations of cadmium, lead, mercury, and selenium in the water samples were less than their respective reporting levels. Arsenic, barium, chromium, and silver were detectable at concentrations greater than the reporting level. The concentrations of dissolved arsenic, barium, chromium, and silver are shown on table 11. (table 12) were determined by the NWQL using a method equivalent to U.S. Environmental
Protection Agency method 524 (Feltz and others, 1985, p. 4-29) . One site--C Main Drain--had reportable concentrations of two purgeable organic compounds; benzene was 0. Feltz^ and others, 1985) . Reporting level for all compounds is 0.2 micrograims per liter (Feltz and others, 1985) . Maximum contaminant level: A indicates that total trihalomethanes--which includes bromoform, chloroform, dibromochloromethane, and dichlorobromome thane--in community water systems serving 10,000 or more persons cannot exceed 100 micrograms per liter (U. (table 15) were determined by the NWQL.
Three sites had reportable concentrations (table 15) Samples were collected from 12 ground-water and 3 irrigation wastewater sites.
The samples were analyzed for tritium, gross alpha-and betaparticle radioactivity, total uranium, radium, radon-222, strontium-90, gross gamma radioactivity, trace metals, purgeable organic compounds, Ranges of dissolved concentrations for some other radionuclides or types of
